Crystal Data 1a. Details of Data Collection
Compound 1 was synthesized and activated as described previously. 1, 2 For gaseous hydrocarbons, the activated samples were placed in a specially made glass cell under the desired gas flow for 20
hours to ensure complete diffusion of gases within the crystals. The crystals were then coated with paratone oil to avoid aerial exposure. A suitably sized crystal was selected for structure analysis.
Single crystal X-ray diffraction analysis was performed at 100/150 K on a Bruker-AXS smart APEX CCD system with graphite-monochromomatized Mo Kα radiation (λ = 0.71073 Å). The crystallographic details of each gas adsorbed framework are listed in Table S1 .
For liquid hydrocarbons, the activated materials were dipped in the desired hydrocarbon (approx. 10 mg in 5 mL of liquid hydrocarbon) and kept overnight at room temperature. An appropriate crystal was chosen from the solution and coated with paratone oil. Single crystal Xray diffraction was performed using the setup described above.
The reflection data of representative crystals of HC@1' (except C4H10@1') were collected at 100 K on a Bruker-AXS smart APEX CCD system with graphite-monochromomatized Mo Kα radiation (λ = 0.71073 Å). The reflection data of C4H10@1' were collected at Oxford Gemini Diffractometer at 100 K, with Mo Kα radiation (λ = 0.71073 Å). The Ca, S, C and H atoms of the guest frameworks were located first, followed by the carbon atoms of the guest from the difference Fourier maps. The hydrogen atoms on the hydrocarbon molecules were added using geometrical constraint (HFIX command). The bond distances between the carbon atoms in the adsorbate hydrocarbon atoms were fixed as 1.54 Å (1.34 Å for propene) in accordance with normal sp 3 -sp 3 carbon atom distances. 
1b. Summary of Crystal Data

Gas Adsorption Data
Adsorption isotherms of C2-C4 hydrocarbons were measured at various temperatures (233-298 K) using a high-resolution Micromeritics 3Flex adsorption analyzer equipped with a high-vacuum system and coupled with a cryostat (Cold Edge Technologies) maintaining cryogenic temperatures with a stability of +/-0.001 K from the target temperature. The heats of adsorption (Qst) were calculated using isotherms collected at 273, 288, and 298 K using the Virial equation.
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Adsorption of liquid hydrocarbons (nC5-nC7) was carried out on a home-made adsorption analyzer modified from a Thermogravimetric Analyzer Q-50 (TA Inst.). Nitrogen (UHP, 99.999%) was used as carrier gas. Varied partial pressure of hydrocarbons was achieved by changing the blending ratios of pure nitrogen and hydrocarbon-saturated nitrogen. The sample was outgassed using a procedure described in the gas-adsorption section. All hydrocarbons used in the study were of 99% purity or higher. The heats of adsorption for these adsorbates were calculated by fitting the adsorption data at 373, 383, and 393 K to the Virial equation. 
Heats of Adsorption
We used Virial method to calculate the isosteric heats of adsorption, Qst. For gaseous hydrocarbons (C2H6, C3H6, n-C4H10), adsorption isotherms at 273, 288 and 298K were used for the calculations while for liquid ones (n-C5H12, n-C6H14, n-C7H16), adsorption isotherms at 373, 383 and 393K were used. N a N a N a N a N a N a N 
Where p is pressure, N is adsorbed amount, T is temperature, and a0, a1, a2 … , a8 and b0, b1, b2, b3 are temperature independent empirical parameters.
Qst are calculated using: (Fig. S13 ) and fitting parameters (Table S9 ) are shown below. 
In situ PXRD-DSC Measurements
PXRD-DSC measurements were obtained using a Rigaku Ultima IV diffractometer (Cu Kα) with a D/teX Ultra high speed one-dimensional position sensitive detector. The PXRD-DSC stage allows for simultaneous collection of PXRD patterns with DSC data in any controlled atmosphere (including vacuum) at any temperature between room temperature (RT) and 500 °C. The PXRD-DSC method allows for the evaluation of structural changes by measuring the gas sorption enthalpy. Experiments were conducted using 9.3 mg of as-synthesized compound 1 in an aluminum crucible with an equal amount of Al2O3 in the reference crucible. Each sample was activated in situ on the PXRD-DSC stage by pulling vacuum on the chamber and heating it to 300 °C at a rate of 2 °C/min and holding at 300 °C. The sample was then cooled to RT under vacuum, and vacuum-atmosphere swing measurements were conducted to determine the differential enthalpy between 1' and propene/butane loaded 1' at 298K and 1 atm. The strong interaction between the adsorbate and the framework leads to an incomplete removal under experimental vacuum conditions; as a result the enthalpies were calculated based on the averages of the exotherm of three different samples.
Molecular Simulation Study
The simulations were carried out by Cerius2 Sorption software (Accelrys Inc.) which employs the GCMC (grand canonical Monte Carlo) and Burchard Universal Force Field method. A box size of 35-40 Å in each crystallographic direction was chosen, containing multiple unit cells. Periodic boundary conditions were applied in all three directions. The number of configuration (~ n × 10 7 , n = 103), selected for a single simulation, is dependent on the energy convergence. Helium adsorption is simulated at a temperature of 1 K and pressure of 100 kPa. The simulation was carried out under experimental gas adsorption conditions.
